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TECENICAL NOTE NO., 122k

FLIGET TESTS OF A DOUBLE-HINGED HORIZONTAL TAIL SURFACE WITH REFERENCE
TO LONGITUDINAI~STABILITY AND ~CONTROL CEHARACTERISTICS

By Carl M. Hanson and Seth B, Anderscn
SUMMARY

A double—hinged horizontel tail was tested in flight on & small low-
speed airplane to determine the longitudinal-stebility and —control char—
acteristics. The center portion of the horizontal surface served as an
ad justable trimmer and the rear portion as asn elevator. Test data were
obtalned for varicus slrplane flight conditions, both with and without an
elevator seal installed, :

The flying characteristice of the alrplene squipped with the double—
hinged horizontal tail surface were generally satisfactory. Optimum flcat—
ing characteristics for the elevator are dependent opn the conflicting re—
guirements imposed by the conditions of wave—off, recovery frcm a stall,
trimming to low speeds and landing. -

The primary effect of removal of the elevator seal was a decrease
in the elevator effectiveness. R

INTRCDUCTION

The problem of sttaining adequate longitudinal control has beccme
more ccmplex wilth the use of heavily flapped alrcraft and the necessity
of providing for a large center—of—gravity travel® A possible solution
of this problem is the use of a double—hinged horizecntasl tail,

It can be shown that with the double~hinged horizontal tail it is
possible, without increasing the horizontal—tail area, to obtain improved
stick—free stability characteristics, greater tail lcads for landing snd
maneuvering, the sbility to trim to lower airspeeds, end lower stick—force
&gradients. - - -e- -
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Thls investigation was formulated to obtain from flight teets results
that would indicate some of the adventages and disadvantages of this type
of control which were not sppreciated in the design stage. The canclusions
drawn from the test data have been verified and amplified by pilot cpinim
whenever possible.

While this type of teil surface 1s more sppliceble to heavy aircraft
requiring a large center—of—gravity range, 1t is felt that the results
presented herein will be of value for Puture test work and will indicate
the critical features of the design.

IESCRIPTION (F TEST RQUIPMENT

The airplane used to investigaete the characteristics of the double—
hinged tail was a two—place, single—engine, midwing, cantilever mcnoplare
equipped with a conventional fixed—type landing gear. A description of
those features of the airplane pertiment to the investigation is as
follows:

Wing
Aree {including section proJjected

through fuselage), 8@ £ « « v & ¢ 2 o o « o o o o o « o « o 261.9
Bpan, £ . . . 4 i ittt e e e e it s e e e e e s s e e s . 3589
Taperra‘tio......................... los:l
Aspect ratlo « v vt v 4 4 h e e e e e e e e e e e e e e ey 5,1:1

Section : - -
Root L] » . . L ] » Ll . . L] . * . L] [ L L) 2 [ ] L2 [ ] [ . L] L) [ NACA 23015
Tip [} . . L 3 . . . . L] L] L] L] i [ ] [ 2 * L] Ll ’ L] . [ 2 L] L ] L] L) [ ] NACA 23009

Inc idence , deg » > - - L] - L] » ] L] . . . . L3 . L] L] . . L [ ] - ] L4 3 L[] o
M.A .C I, in L] . L L] . . . . . . L L - L] L . L . L] L3 . L] . . [ 4 L] -« 89‘5
Dihedral (outer panel chord 1ine), 6 « » o s + « s « o o o » »  TsO

Mcdified horizontal tail (including
stebilizer, trimmer, and elevator)
Ares (includirg 3.8 sq £t covered by fuselage), 8¢ £4 . 5 « . « 59.4

SPAN, 10 4 & 4 4 4 4 e s s e e e e s s e a e e s s e e e .. 187.75
Aspect ratlo . . . . L . 4 i i i e e e e et e e s e aea. k.S
Incidence, 888 =+ « v « ¢ « o ¢ o o o o s « o ¢ o s o o « 0 o s 2.0
Adrfoll section « « + « v v 4 ¢+ 4 4 + 4 « « + « » (Approx. NACA 0013)
Chord

Root, In & & o v ¢t ¢ i o 6 i i e e e e e s e s e e e .. 51.5

Tip, in L 4 2 -« . [ * L) . . * - . . [ [ ] ” . . . . L 4 . L g v . 3701"

A'Verage, in e o . [} . . . L] » 03 [ 3 [ . . [ . [] ’ 1] ' ¢ [ ] [ [] J','h'-
Trimmer (sealed, movable center section, zero aerodynamic balance

and radius nose)
Area aft of hinge line (including 0.5 sq ft
covered by fuselage and excluding elevator
anrea)) sq_ ft‘ L[] . - . L] L] L 3 . - - L'} [ ] * » . . L] . » L4 L4 L] 12'3
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Percent total tall 8rea8 « « ¢« ¢« ¢ ¢ ¢ ¢ 4 o o 2 o 2 0 ¢ 4 e e 20.
Average chord aft of hinge line, In . + « ¢« « « ¢« ¢ o o o ¢ o = 9.
Percent average tall chard . . o o ¢ 4 ¢ ¢ ¢ o o o ¢ o o o . 1
Travel (MAX.). o « o o = « o« = o o s o o o 8 o o 2 o+« 21.0° 1w
19.0° down

"]

Elevator
Area aft of hinge line (excluding area
covered by fuselage) Bq TH « v « o o o o ¢ 2 » o o o o s o s - =120
Percent total £a1l YO8 .+« « s+ « o « o » s o o + ¢ o s e & o o 20.2

Elovator balance area, 8¢ £t ¢« « « « o« o o 5 ¢ « & « 5 & 5 & s 2.6
Percent serodynamic balance e s e e s e s w e e e . e s 21.6
Type of balance . . . e e e o &° Sealed Dplunt Jverhang
Chord aft of hinge 1ine (con.stan‘b), e e e e e e e e s e e 9.5
Percent average tail chord . « + « o o ¢ ¢ o o ¢ 5 o T €0 o . 21.3
Travel (MAX.). o o « o o o o o o o o s o « s o o o oo oo 2752 w
: 21.7° dowmn
Engine ) :
T‘yne-.- . e & o o & 8 e &8 & a @« p » ¢« & ¥ ¥ & R-9£;5_50

Rating, take—off G e e s e s e w e s e h50 bhp at 2300 rpm and
35.5 in. Hg at 8, L.

Rating, mormal .« « « « « « = o o s o« s o o « , 400 Dhp at 2200 rpm fram
S. L. to 5500 f%

A three—view drawing of the airplane is shown in figure 1. A photo—
graph of the airplane instrumented for flight tests 1s given in figure 2,
and figure 3 1s a photograph showing various positions of the ﬁofizontal
control surface. To eliminate any tendency of the separate halves of
the elevator to assume different angles (because of play inherent in
the ectuating mechanism), the two portioms of ,the elevator were connected
rigidly together by a strip at the elevator tralling edge. The mechanics
of the elevator system were such that the range of elevator deflecticn
(relative to the trimmer) was independent of the trimmer setting., Friction
in the elevator control system was less than one—half pcund, as meagured
when the contrcl was moved slowly through the neutral pcsition with no
load on the surfaces. The variatiom of selevator angle wilth gtick posi—
tion as measured on the ground with no load applied to the surfaces is
showr in figura 4. The trimmer drive mechaniem was hand—operated fram
the cockpit through a cable—chain system. The mechanical advantage wvag
such that 1.0 turn of the control handle (cn a 5-1nch arm) was required
to change the trimmer angle 1°, Plan and section views of the herizontel
tail are shown in figures 5 and 6, respectively.

The selection of the chords for the trimmer and elevator was based up—
on. the results of wind—tunnel tests of current designs. The ares of the
double-hinged horizontal tall was chosen approximately equal te the area
of the original horizontal surfaece of the test airplane. This was acccm—
plished by the additicn of the trimmer section, a redesign of the hori-— '
gzontel-tall %tipe, a reduction in span of the original tail, axd s modi—
fication of the elevator incorporating a constant—chord dasign.
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INSTRUMENT INSTAT.LATION

Data presented herein were obtained by the use of standsrd NACA rho—
tographlically recording instruments synchronlzed by a standard NACA timer.
The elevator-position recorder was connected to the push-pull tube systen
near the tail. It i1s believed that no appreciable deflectlcn in the push-
pull~tube system occurred between the elevator and the point of attachment
of the control—position recorder. The trimmer-position recorder wae con-
nected directly to the control surface.

Indicated alrspeed was determined from the readings of a etencard
NACA free—swiveling airspeed heed mounted approximately one chord length
ahead of -the wing leading edge and located near the left wing tip. In—
dicated airspeeds given in this report have been corrected for positicn

exyor.
SYMBOLS

The following list of symbols is included for reference:

Ag normal acceleration factor, ratio of the net asrodynamic force
along the airplane Z-axis (positive when dirscted upward) to
the weight of the airplane

Ax longitudinal accelsration factor, ratio of the net aercdynamic
force along the airplane X—axis (positive when directed for—
ward) to the weight of the airplane

B¢ trizmer angle, measured with respect to the stebilizer chord line,
degrees .

8¢ elevator angle, measured with respect to the trimmer chord line,
degress . =TT : . :

Fo elevator control force, measured at grip of stick, pounds

Chs varigtion of elevator hinge—moment coefficient with elevator

‘ deflection

Chq, variation of elevator hinge-moment coefficient with angle of
attack

VSA stalling speed in the landing condition, miles per hour

VSB stelling speed in the landing—epproach condition, miles per hour
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o5 L

— rate of change of elevator angle with trimmer angle required for

OBy, balance in steady straight flight, indicated airspeed constent
('§EEZ§§E> - T I UL T
\\&m/aae. . - . - - [ - —

TESTS

Tests were made in flight to determine the longitudinal-stability
and. —control characteristics of the test airplane equipped with the
double-hinged horizontsl taill surface. The various airplane confipu—
ratiors are defined as follows: 8

Airplane Power
configuration Flaps . (bhp)
Climb Ty 390
Glide Up Engine
throttled
Wave—off Down 390
Landing Down Engine
throttled
Landing— Down 180
i approach

The airplane was flown with an average gross weight of 4740 pounds
at take—off and a center—of—gravity range from 22.7 to 30.5 percent mean
asrodynamic chord.

RESULTS AND DISCUSSION

The results of the tests to determine the dynamic and static longi-—
tudinal—stability characteristics are presented In table I and in figures
7 and 8, respectively. The elevator control characteristics are presented
in figure 9 for landings and 1n figure 10 for maceuvering flight, Trim
changes due to variation of flaps and power are shown in table IL. Fig—
ures 11 end 12 present data showlng the trimming characteristics of the
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double—hinged tail. The effect of removing the elevator seal is showm
in figures 13, 14, and 15, and table II for various test conditions.

Examination of the data presented in figures 7 to 12 and in tables
I and IT shows thaet the longitudinal handling characteristics of the air—
plane were satlsfactory except for the dynsmic longitudinal~stability
characteristics (initiated by sbruptly deflecting and releasing the ele—
vator control) and a large forward movement of the stick (stick walking)
when trimming to low speeds (flaps down, forward center of gravity).

The reason for the existence of the elevator oscillaticn is not
clearly understood. It is believed, however, that this oscillation is
not peculiar to the double—hinged tail and, therefore, further tseting
to lasclate the actual casuse of this oscillation was not carried out.

The problem of adjusting the elevator floating characteristics as
the airplane is trimmed to decreasing eirspeeds in the landing and land-—
ing-approach conditions of flight (fige. 11 and 12) is basic for this
type of longitudinal control.! Nob only 41d the pilots obJect to the
forward movement of the stick because of the possibility of loss of
control in a wave—off or 1nebility to recover from a stall, but ths mini-
mum trim speed in the landing condition was limited by the elevator travel.

To more fully investigate the wave—off condition several wave—offs
wore performed at altitude. The results of these tests for the forward
center—of—gravity position, not presented herein, indicate that only a
" emall emount of additional down—elevator (order of 1° to 2°) was needed,
providing sufficient mergin within the aveilable down—elsevator deflec—
tion for adsquate control. The adeguacy of the elevator i1s attributed,
in part, to the moderate trimmer setting and elevator deflection re-—
quired to trim at l.2V'sA in the approsch.

To increase the trim renge to lower values of airspeed would require
a change In the floating charascteristics of the elevator as the trimmer
ls moved. The choice of the floating characteristics of-the elevator
ae the trimmsr is moved is dependent upon the opposing requirements
from seversl condltions of flight: mnamely, the control in a wave—off,
control in gtall recovery, the ability to trim to low speeds and control
in landing. A dilscuasion of the foregoing flight conditlions ia presented
in peragraphs 1 end 2.

1. If the elevator flocats in the oppoaite direction to the trimmer
as the trimmer is moved (elevator floate down as the trimmer moves up
es is the case with the tail tested herein) the sbility to trim the air—
plane to low speeds and the recovery charecteristics in a wave—off oar &

1This'prdblem applies also to the adJjustsble steblilizer.
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stall mansuver sra affected adversely while the landing cheracterisiics

are improved. The wave—off and the stall conditions may bs critical due

to insufficient dcwn~slevator avallasble, while the landing characi=ristics

should improve because of the up—trimmer deflection present and consequent—

ly the increased range of up—elevator aengle yet avallable. -
2. If the elevator does not change ite engular relatiamship with the

trimmer as the trimmer is moved (Chm = 0), the ability tc trim tke alr—

plane to lower speeds is increased and the wave—off and stell corditions
become less critical; however, the control in landings s aifected ad—
versely. In the design of a double—hinged—tall surface a comprcmise
must, therefore, be made beotween the preceding ltems by adjusting tlhe aero-—
dynemic balance of the elevator to give the desired flcating characteris—
tics.

The effect of the removal of the elevator seal cn the elevator con—
trol power, the trimmer effectiveness, and the elevator deflecticn re—
quired to offset a given trimmer deflection.is presented .in figures 13
to 15. These data indicete a marked reduction in the ability of tke
elevator to balance the airplane in the presence of the ground (fig. 15)
when the elevator seal is removed. In addition, the effoctiveness of
the elevator in offsetting movement of the trimmer was reduced by 18
percent (fig, 13). However, this change had practically no effect on the
ability of the itrimmer to trim the airplane throughout the speed range
and on the desirsbly low trim force changes due to power ard Iflaps (table
IT). The nunmber cf cycles required to deamp the short—pericd slevator
?scillation vas reduced slightly by the remdvel of the slevator seal

table I). -

CONCLUSIONS

The resultes of the flight tests ard the data obtained Frcm pllot's
opinicn of a double—hinged horizontal surface irdicate the Ifollowing:

1. The flying chaeracteristics of the test airplane equipped with the
double—hinged tall were generally satisfactory. : -

2, Undesirable flying characteristice of the test alrplane were un—
patisfactory damping of dynamic longltudinal oscillationas (this was not
considered characteristic of this type of control) and large farward
movement of the stick when trimming to low speeds (flaps down, forward
center—of—gravity positicn).

3. The cholce of the elevator flcatirg characteristics as the itrim—
mer is moved is dependent upon the conflicting requirements for tke can—
trol in wave—off, control in stall recovery, and the ability to trim to
low speeds as opposed to the requirement for sufficient elevator—control
power in landing.
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Fig. 1
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Figure 1l.- Three-view drawing of the test airplane equipped

with a double~hinged horizontal tail,
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- The double-hinged horigontal-tail surface installed on the test airplane.
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(a) Trimmer full down, elevator full up. (b) Trimmer full down, elevator full down.

Figure 3,- 8ide view of the double—hinged horizontal-tail gurface, trimmer and
elevator deflected.
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Note :
1 Stick position meosured |
, at top of stick.
P 2. Gearing independernt of —_|

trimmer setting.
3.Length of stick, 3z mches.,
4 Elevator angle measured
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the surfaces. '
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